To investigate the therapeutic effects of ellagic acid on L-arginin ınduced acute pancreatitis in rats.
Introduction
Acute pancreatitis (AP) is an inflammatory disease caused by stimulation of inflammatory macrophages, neutrophil penetration, together with development of necrosis in the pancreatic tissue 1 . The mean incidence around the world is 40/100 2, 3 . Many studies have shown that cytokines such as IL-1β, IL-6, and TNF-α 4, 5 , which are secreted due to ductal obstruction and ductal injury as well as oxidative stress, are involved in the pathogenesis of AP 6, 8 . Oxidative stress, through reactive oxygen species, can damage the membrane resulting in lipid peroxidation, and alter the cytosol dynamics leading to early activation of pancreatic digestive enzymes that initiate pancreatic damage. The inflammatory cytokines along with oxidative stress are important in the development of AP and cause local damage in the pancreas and systemic diseases such as ARDS, shock and multi-organ failure 8, 9 .
Many preventative agents have been researched; however, an ideal
treatment has yet to be found.
Many studies on rats have proven that high dose essential amino acids can damage the pancreas and cause acute pancreatitis.
A semi-essential amino acid, L-arginine, was proven to induce the development of acute pancreatitis and cause IL-6 and TNF-α levels to significantly increase. The serum levels of amylase were determined using the Olympus Autoanalyser (Olympus Instruments, Tokyo, Japan).
The IL-β, IL-6 and TNF-a levels of blood samples were using enzyme-linked immunosorbent assay (ELISA) kit specific for the previously mentioned rat cytokines (Biosource International, Belgium).
Histopathological evaluation
Pathological findings were assessed by one of the author blinded to group allocations. Acute pancreatitis was evaluated and documented in each tissue sections. We histopathologically evaluated edema, acinar cell necrosis, hemorrhage and the degree of inflammation in the pancreas. The scoring system used by Schmidt et al. 18 was used for histopathological evaluation. 
Results
Biochemical parameters are compared in Table 1 . AP and AP+EA groups were high amylase level. Serum levels of amylase, TNF-α, IL-1β and IL-6 were meaningful lower in the AP-EA group than the AP group (p=0.009, p=0.002, p=0.004, respectively) ( Table 1) . Serum TAC level increased significantly in AP-EA group than AP group. AP group was the lowest level of serum TAC in all groups (Table 2) . Following the EA therapy, a decrease in TOS was observed in AP+EA group (Table 2) . AP group was the highest level of serum TOS in all groups ( Table 2 ).
The histopathological evaluation of the AP-EA group showed that edema, necrosis, hemorrhage and inflammation was significantly lower than AP group (Table 3 and Figure 1 ). 
FIGURE 1 -Hematoxylin-eosin (H&E) staining (x200). Microscopic appearance. a) Leukocyte infiltration, edema, necrosis, hemorrhage and congestion is increased in pancreatitis group (AP). b) Leukocyte infiltration, edema, necrosis, hemorrhae and congestion is decreased in treatment group (AP-EA) (H&E, x200).
inflammatory cytokines in this pathway, especially the secretion of TNF-α, IL-1β, and IL-6
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. With the mediators it induces (proteolytic enzymes, Phospholipase A2, free oxygen radicals), TNF-α is responsible for the systemic effects. When TNF-α is neutralized, these mediators and amylase levels are observed to decrease and acinar cells begin the healing process 2, 3, 19 . When studies on TNF-α are examined, it is observed that anti-TNF-α treatment is effective on pancreatic cell healing 19 . In addition, many conducted studies have shown that an increase in IL-1β and IL-6 levels may be precursor markers of pancreatic damage and these levels were seen to decrease after treatment 5 . In this study, EA was seen to correct increased IL-1β, IL-6, and TNF-α levels seen during AP in the AP-EA group, and these results were confirmed by histopathological evaluations as well. Many studies have shown that free radicals were important in the pathogenesis of AP
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. Due to the high chemical reactivity of the radicals, they interact with many important molecules like lipids, proteins, deoxyribonucleic acid (DNA) and carbohydrates, causing lipid and protein oxidation, DNA breakage, and a dysfunction in the immune system by killing immunity cells and loss of cell function 22 . Free radicals are usually either neutralized or prevented from forming by antioxidants. Depending on the increase of oxidant levels and/ or the decrease of antioxidants, the oxidative/antioxidative balance
Discussion
In this study, we determined that ellagic acid is an effective biochemical and histological therapeutic agent for the treatment of inflammation and oxidative stress in AP.
Despite current therapies, AP still causes serious mortality and morbidity. Approaches that aim to decrease the systemic inflammatory process and oxidative stress have gained momentum, but a consensus has not yet been formed for a drug that administers effective treatment 6, 7, 18 .
Pancreatitis starts by the cessation of secretion from acinar cells, which causes zymogene granules to accumulate intracellularly. This results in cell damage due to the combination of intracellular lyzozomal enzymes and zymogens. Increased amylase is indicative of acinar cell damage 19 and an important parameter for diagnosis. In our study, amylase was increased in all rats with induced AP (Table 1) .
Cathepsin B, a lyzozomal enzyme, activates the precursor, trypsinogen, in the zymogene granules into trypsin, which is followed by the proteolysis of other digestive enzyme precursors (chymotrypsinogen, proleastase, prophospholipase, procolipase, callicreinogen) into active enzymes, resulting in pancreatic tissue damage. Many studies have shown the importance of various pro-shifts in favor of the oxidative system, causing oxidative stress, which is linked to the pathogenesis of many diseases 23 . From aging to cancer, anti-oxidants have drawn attention in the treatment of many diseases 22, 23 . The measurement of total antioxidant capacity (TAC) or total oxidant stress (TOS) is much easier, practical, and economically convenient than many other analytical methods 16, 17 .
In this study, we observed that TOS levels, an indicator of lipid peroxidation, were increased and TAC levels were decreased in the AP group when compared to the other groups (Table 2 ). In addition, we determined a marked decrease in TOS levels and a marked increase in TAC levels in the AP-EA group, which was related to the anti-oxidant and free-radical-eliminating effects of EA. Being a strong antioxidant, EA was observed to have a marked beneficial effect on TAC and TOS levels. In many studies, despite proving the antioxidant effects of EA. To our knowledge, this is the first study to shown that EA can reduce lipid peroxidation and increase protection against AP 15 .
In this study, our results show that edema, hemorrhage, severe acinar necrosis, and fibrosis were augmented in the pancreatic tissues of experimental models of rat AP. We also were able to find inflammatory cell infiltration in the inflammed pancreatic sections. . IL-6 is an early biomarker, which has been determined to cause serious organ failure and mortality in acute pancreatitis. While many cytokines were reported to play a role in ARDS, IL-6 and TNF-α were demonstrated to increase phospholipase A2, cause lung damage by affecting phospholipids and surfactant in the lung, increase vessel permeability in the lung, and result in acute lung damage and ARDS 25, 26 . In our study, we determined that EA was significantly beneficial in the treatment of AP through the reduction of serum levels of IL6, IL-1β, and TNF-α in the AP-EA group compared to the AP group.
Conclusions
Ellagic acid was shown to reduce inflammatory and oxidative stress in pancreatitis and cause marked improvements in the fatal damage by these two important mechanisms. The healing effects of EA on inflammatory and oxidative stress were confirmed by histopathological and biochemical evaluations of the pancreatic tissue. Ellagic acid is a drug that decreases the damage following acute pancreatitis in both the systemic response and the pancreatic tissue.
